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Introduction: Many economically important non-timber forest products (NTFPs) come from widespread and
common plant species. Harvest of these species often is assumed to be sustainable due to their commonness.
However, because of the ecological roles of common species, harvest may affect and be affected by ecological
interactions at broader scales, which are rarely considered when evaluating the sustainability of harvest. We use a
case study of the mountain date palm (Phoenix loureiroi Kunth), harvested in South India to produce brooms, to
present a conceptual framework illustrating how intensive harvest of a common species interacts with other
anthropogenic management practices, plant-animal interactions and surrounding environmental conditions.
Methods: We apply this framework to understanding the impacts of mountain date palm harvest in the southern
Western Ghats regions of the Indian states of Tamil Nadu and Karnataka. We integrate data on the extent and levels
of commercial harvest, local management practices, the ecological context in which harvest occurs, and research
on harvest effects. We use this information to document the intensity and extent of mountain date palm harvest in
the study area, identify the ecological implications of harvest, and demonstrate how a framework that considers
harvest in the context of ecological communities and ecosystems is important for assessing the impacts of harvest
of common NTFP species.
Results: We show that mountain date palm leaves are heavily harvested from natural areas in the southern
Western Ghats but that harvest levels have declined in recent years. Mountain date palm management and harvest
occur within a network of ecological interactions, linking human activities to population-, community-, and
ecosystem-level processes. We demonstrate that understanding the effects of return interval of anthropogenic fire,
herbivory by wild animals and livestock, as well as the light environment in which harvest occurs are critical to
assessing the sustainability of mountain date palm harvest.
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Conclusions: By considering mountain date palm leaf harvest in the context of ecological interactions at multiple
scales, our findings show that sustainability cannot be assessed only from a population-level perspective. This
general framework highlights the need to incorporate ecosystem- and community-level properties and processes
more frequently into assessments of the sustainability of NTFP harvest—especially for widespread and common
species—to ensure that their important economic and ecological roles are maintained.
Keywords: Non-timber forest product (NTFP); Western Ghats; Savanna woodland; Resource management;
Plant-animal interactions; Fire; HerbivoryIntroduction
Harvest of non-timber forest products (NTFPs) has been
promoted as an opportunity to both enhance local liveli-
hoods and contribute to biodiversity conservation (Leisher
et al. 2010). At the same time, the effectiveness of NTFP
harvest at achieving these goals has been criticized
(Belcher and Schreckenberg 2007), and over-harvest is
considered a major threat to plant diversity (Brummit and
Bachman 2010). This contrast between goals and out-
comes illustrates the need to improve our understanding
of the circumstances in which NTFP harvest can make a
meaningful contribution to local livelihoods without hav-
ing negative environmental consequences.
Widespread and abundant non-timber forest product
(NTFP) species have a high potential to be harvested
sustainably (Cunningham 2001). Because of their high
levels of biomass, however, these same species are likely
to influence ecosystem processes and have significant
interactions with other components of the ecological
community, interactions which may be altered by harvest
(Gaston and Fuller 2008; Gaston 2010). If promoting
NTFP harvest is meant to contribute both to local liveli-
hoods and to the conservation of ecosystems, it is critical
to assess the sustainability of harvest from an ecosystem
perspective, especially for common species.
Many heavily harvested NTFP species are locally
abundant and/or widely distributed. For example, sev-
eral species of shrubs, grasses, and reeds that are
harvested to make hand brooms in South Africa are
locally dominant, respond positively to disturbances
such as grazing or fire, or are otherwise considered
“weedy” (Shackleton 2005). Similarly, the multi-use
palm Phoenix reclinata Jacq. is widely distributed
across temperate and tropical Africa (Barrow 1998) and
can be one of the most abundant species where it oc-
curs (Kinnaird 1992). Studies of the ecological impacts
of harvest of these kinds of common species are limited
compared to studies that focus on species perceived to
be rare or in decline, often under the expectation that
abundant and disturbance-tolerant species have a high
potential for sustainable harvest (Reid 2005; Shackleton
2005; Shackleton et al. 2009).While there may be a high potential for sustainable
harvest of common species from a population-level per-
spective, high levels of harvest are particularly likely to
alter ecological interactions and ecosystem processes. A
plant species’ abundance is an important determinant of
its influence on ecosystem structure and function, with
more abundant species generally having a greater effect
than rare species (Grime 1998). An emphasis in the
NTFP literature on studying the population dynamics of
rare and declining species could lead to the biased con-
clusion that ecological interactions and ecosystem-level
effects resulting from harvest are generally unimportant.
This difference in the ecological role of abundant species
means that while high levels of fruit or seed harvest can
have negligible impacts on populations of common,
long-lived, clonally reproducing plant species (Ticktin
2004), harvest may still negatively affect frugivores,
including birds (Moegenburg and Levey 2003) and
primates (Kinnaird 1992) that rely on that fruit for food.
When harvest involves removing large amounts of
biomass from an ecosystem, this may also alter nutrient
cycles (O’Hara 1999).
Despite growing recognition that NTFP harvest affects
and is affected by management practices and ecological
interactions at multiple levels, these interactions are
rarely studied above the population level (Ticktin 2004).
Understanding the larger ecological context in which
harvest of common NTFP species occurs is necessary to
devise appropriate management plans to maintain both
the economic and ecological roles of such species. If har-
vest occurs without an awareness of the many ecological
interactions that it can affect and be affected by, the cas-
cading effects of harvest could have large, unanticipated
consequences both for ecological processes and the
people who rely on them (Estes et al. 2011).
We use a case study of mountain date palm (Phoenix
loureiroi Kunth, formerly P. humilis) to present a con-
ceptual framework for considering the broad ecological
consequences of harvesting common NTFP species.
Mountain date palm is a widespread and common spe-
cies, heavily harvested for its leaves in India’s southern
Western Ghats. Information about the ecology, current
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mountain date palm is not available. We integrate data on
the extent and levels of commercial harvest, local manage-
ment practices, the ecological context in which harvest oc-
curs, and research on harvest effects to (1) document the
intensity and extent of mountain date palm harvest in the
southern Western Ghats, (2) identify the ecological impli-
cations of harvest, and (3) demonstrate how a framework
that considers harvest in the context of ecological commu-
nities and ecosystems is important for assessing the im-
pacts of harvest of common NTFP species.
Methods
Study species
Mountain date palm is widely distributed across sub-
Himalayan Asia, from India through southern China
into Taiwan and the Philippines (Barrow 1998). It occurs
in the understory of forests and more open grasslands
and scrublands, including disturbed areas. In addition to
being widespread, mountain date palm is also common
where it occurs, reaching densities of up to 14.0 individ-
ual ramets per m2 (mean: 4.5 ramets per m2) within the
populations we studied. Although it can reach heights of
up to 5 m, it often remains short-stemmed and shrubby,
reproducing vegetatively, in dry habitats.
In South India, mountain date palm is known locally
in Tamil as seemar or eecham and in Kannada as porake
or echalu, and its leaves have been commercially
harvested for the manufacture of brooms since at least
the mid-20th century (Sundararaj and Balasubramanyam
1986). High levels of harvest have led to concerns that
this species could become rare (Padmanabhan and
Sudhersan 1988). Mountain date palm continues to be
harvested in large quantities; where it occurs, it can be
one of the most harvested NTFP in terms of biomass
(Nath 2000; Shaanker et al. 2004). Overall, NTFPs pro-
vide an important source of income—sometimes upwards
of 50% of household income—to local communities in the
southern Western Ghats, especially those living in and
around forest areas (Shaanker et al. 2004). Harvest of
mountain date palm leaves in particular can contribute
nearly 25% of household income (Biswal 2009).
Study area
Our study focuses on the southern part of the Western
Ghats biodiversity hotspot (Myers et al. 2000), including
Tamil Nadu and Karnataka (Figure 1). Here, mountain
date palm occurs primarily in grasslands, savannas, and
dry deciduous forests on rocky hill slopes. Commercial
harvest of mountain date palm leaves by local indigen-
ous communities takes place in Reserve Forests man-
aged by the Forest Department of India. Mountain date
palm is also found in protected areas where commercial
harvest is commonly prohibited. Indigenous (adivasi)communities involved in mountain date palm harvest in
the study area include Irula, Kurumba, and Soliga. These
communities’ livelihoods are based primarily on subsist-
ence agriculture and NTFP harvest, as well as wage labor
[see Keystone Foundation (2007) and Shaanker et al.
(2004) for additional details].
In Tamil Nadu, NTFP harvest is managed through
Village Forest Committees (VFCs) formed through the
Joint Forest Management process in the 1980s. Each
VFC has an area demarcated where commercial harvest
is allowed during a particular season. If the VFC has ad-
equate funds, it pays harvesters to collect leaves and
then auctions the leaves to the highest bidder among
registered forest contractors. If the VFC lacks funds to
pay harvesters up front, it auctions the collection rights
to a contractor and then uses an advance from the con-
tractor to pay wages to harvesters. In Karnataka, harvest
is run by co-operative societies called LAMPS (Large
Scale Adivasi Multi Purpose Societies), which organize
the collection and sale of NTFPs in a similar manner.
Data collection
To obtain a holistic view of mountain date palm leaf har-
vest in the region, we bring together data from multiple
sources. These include the following: (1) Records from five
VFCs (Tamil Nadu) and three LAMPS (Karnataka) on the
amount of mountain date palm leaves purchased and price
paid to harvesters. These records include harvest in and
around the Sathyamangalam Reserve Forest in Tamil
Nadu, the Biligri Rangaswamy Temple Wildlife Sanctuary
(BRT, now a tiger reserve), and the Male Mahadeshwara
Hills Reserve Forest (MM Hills) in Karnataka (Figure 1).
(2) Semi-structured interviews conducted with 13 individ-
ual harvesters from two sites in 2009 and discussions with
two harvester groups from two additional sites in 2011,
covering harvest practices and the land-management con-
text in which harvest occurs. These interviews were
conducted in local languages (Tamil, Kannada, Irula, and
Soliga) with the help of interpreters. We obtained in-
formed consent from interviewees and Human Subjects
Review Board exemption. (3) Observations of harvesting
and marketing practices and perceptions based on our
(SN, AV, and SS) combined more than 50 years of work in
collaboration with indigenous communities on conserva-
tion and livelihoods in the Western Ghats. (4) Published
documents, as well as gray literature on the subject of
NTFP harvest in the Western Ghats. (5) Results of experi-
mental and observational ecological studies of mountain
date palm demography from 2009–2011 (Mandle 2012;
Mandle and Ticktin 2012).
Calculating the extent of harvest
Levels of harvest were recorded in terms of number of
broom bundles in Karnataka and metric tonnes of leaves
Figure 1 Areas of commercial harvest for which mountain date palm harvesting practices and/or harvesting levels are documented in
this study are shown in dark gray. Harvest occurs in and around the Reserve Forests (RF) and formerly occurred in the Wildlife Sanctuary (WLS).
The Western Ghats Biodiversity Hotspot is shown in light gray.
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to metric tonnes using measures of palm leaves per kilo-
gram and palm leaves per broom bundle (Keystone
Foundation unpublished data). To scale harvest impacts
to the population and community level, we also esti-
mated the number of leaves harvested, number of plants
harvested, and area under harvest using 95% confidence
intervals for mean leaves harvested per palm and per
hectare from eight palm populations in areas with com-
mercial harvest across the study area from 2009 to 2011
(Mandle 2012).
Results and discussion
Extent of and trends in mountain date palm harvest
levels
Mountain date palm is both widely and heavily harvested
across the southern Western Ghats. Mountain date palm
leaves are currently harvested commercially from numer-
ous Reserve Forests. During the 2009–2010 harvest year,
for the eight locations for which we have data, a total of
328 metric tonnes were harvested through the five VFCsin Tamil Nadu and an additional 29 metric tonnes were
harvested from one LAMPS in Karnataka. The docu-
mented harvest comprises an estimated 23 million leaves
(95% confidence interval: 21–25 million), from 7.5 million
plants (95% confidence interval: 6.5–8.6 million). Based
on our observational studies (Mandle 2012), an average
of 3.1 leaves out of 4.3 total leaves are taken from each
harvested palm. These harvested leaves come from
hundreds of hectares of palm habitat (95% confidence
interval: 300–1,500).
The quantities of harvested mountain date palm leaves
have declined in recent years in all areas (Figure 2a),
while the price per kilogram has increased (Figure 2b).
In the Tamil Nadu sites, levels of harvest declined be-
tween 2007 and 2009 in four out of five areas. During
this time, the mass of harvested leaves declined 18.8% in
the region as a whole, while the price paid per kilogram
increased 16.7%, leading to an overall decline of 5.3% in
the value of leaves harvested (Figure 2c). The price
increase is comparable to the overall inflation rate in
India over the same time period (International Monetary
Figure 2 Mass (a), unit price (b), and total value (c) of mountain date palm leaves harvested from VFCs (Village Forest Committees)
and LAMPS (Large Scale Adivasi Multi Purpose Societies) at eight sites. The mean and standard error are shown by state (n = 3 for
Karnataka and n = 5 for Tamil Nadu). Harvest records were available from 1990 to 2009 for Karnataka and from 2007 to 2009 for Tamil Nadu.
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items like NTFPs that are traded in the informal econ-
omy. The same pattern of decreasing harvest with in-
creasing prices appears in the Hasanur Range (within
Sathyamangalam forests of Tamil Nadu) over the past
5 years, while harvest has ceased in two of three Karnataka
areas. Commercial harvest occurred previously in BRT
but was banned by the Forest Department after 2004.
With the passage of India’s Forest Rights Act (FRA), com-
munities in BRT are in the process of obtaining the right
to resume harvest. As of October 2011, 25 of 62 gram
sabhas (village assemblies) had obtained NTFP harvest
rights under the community forest rights provision of
the FRA. It is the first case in the country in which
NTFP collection and conservation rights have been
awarded in a protected area.
Overall, the harvesters interviewed generally did not
perceive a change in availability of palm leaves, or
believed that there are more available for harvest now
than in the past. However, 3 of 13 harvesters interviewed
individually reported that there was decreased leaf avail-
ability due to the invasive plant Lantana camara L.
shading out palms (in the Sathyamangalam region ofTamil Nadu) and from increased elephant herbivory (in
the Sigur region of Tamil Nadu).
While some might see recent declining levels of palm
leaf harvest as an indicator of over-exploitation, this is
not the only possible driver of the pattern we observed.
Reduced leaf harvest could occur if harvesters are
choosing to pursue other economic opportunities, such
as wage labor. Opportunities for wage labor have been
increasing. For example, with the passage of the Mahatma
Gandhi National Rural Employment Guarantee Act
(NREGA 2005), which was implemented starting in 2006,
rural households are assured 100 days of wage labor per
year (NREGA 2005). Mountain date palm leaf harvest
occurs primarily in the first half of the year, during the
agricultural off season, which is when people are likely to
be taking advantage of NREGA. Levels of harvest may also
be declining due to the lack of organization for collection
and trade of NTFPs through VFCs, which vary in levels of
competency (Keystone Foundation 2009). Harvesters are
less likely to collect leaves if it is uncertain they will be
paid for their efforts. Finally, reduced availability of leaves
due to increased abundance of the invasive Lantana
camara or other environmental changes could explain the
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Lantana camara in BRT has reduced the diversity and
density of native woody species (Sundaram and Hiremath
2012) and could be impacting mountain date palm as well.
Further study is needed to distinguish among these mul-
tiple explanations for declining harvest. Nonetheless, this
highlights the difficulty of inferring ecological processes
from economic data for non-timber forest products.
Mountain date palm harvesting practices and
management
Commercial palm leaf harvest generally occurs during
the dry season and agricultural off-season during the
first half of the year, though harvesters report that they
collect leaves for personal use as needed throughout the
year. Leaves are only cut if they are at least an arm’s
length; shorter leaves cannot be used for brooms. Gener-
ally, all leaves meeting the size requirement that are not
damaged or senescing are harvested from an individual
plant. This sometimes includes all fully emerged leaves.
People also eat the palm’s apical shoots when plants
resprout after fire and at the beginning of the rainy
season.
Fire is the primary tool used to manage mountain date
palm populations for harvest. Harvesters in some areas
report setting ground fires to remove palm leaves that
are too old and damaged to be harvested, while promot-
ing the growth of new leaves (see also Roveta 2008).
Harvesters also benefit from low-intensity ground fires
set by livestock herders to promote fodder or fromFigure 3 Assessing the sustainability of mountain date palm harvest
and harvested palm populations (dashed lines) to consider multiple e
use of fire through multiple pathways (a). Furthermore, harvest both affect
communities, as well as the ecosystem-level context in which harvest occu
socio-economic context.accidental fires that spread. Harvesters report that the
quality of palm leaves is higher after ground fires.
Apart from the use of fire, harvesters did not report
any other management activities deliberately used to in-
crease leaf production or enhance palm populations.
Competing vegetation is not removed (except to create
access paths) and no efforts are made to propagate
palms through seeds. Harvesters considered it unneces-
sary to attempt to propagate palms in harvested areas
because of mountain date palm’s natural abundance.
Leaf harvest and ecological interactions
Integration of local knowledge and ecological studies
suggests multiple ecological pathways that have the po-
tential to affect the sustainability of mountain date palm
leaf harvest. We illustrate some of these possible path-
ways—which are likely to be relevant to other common
NTFP species—in a conceptual diagram (Figure 3). Fire
is a common management tool for many NTFPs, includ-
ing palms (Blancas et al. 2010). Despite this, studies of
NTFPs that explicitly consider the relationships among
fire, harvest, and sustainability are rare (but see Varghese
and Ticktin 2008; Schmidt 2011). In the case of the
mountain date palm, fire increases individual mortality
(Mandle and Ticktin 2012). Although surviving palm in-
dividuals grow more after fire (Mandle and Ticktin
2012), the intensity of leaf harvest as well as the intensity
of grazing by both domestic livestock and wild animals
can increase following fire (Mandle 2012). Models of
palm population dynamics parameterized with empiricalrequires going beyond the direct relationship between people
cological interactions. Sustainability of harvest is mediated by the
s and is affected by the surrounding animal (b) and plant (c)
rs (d). The management activities of people additionally depend on
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harvest and grazing, but high intensities of both activ-
ities can drive declines in population growth rates
(Mandle 2012). The decrease in population growth rates
with heavy harvest results from reduced individual rates
of growth and reduced seedling regeneration (Mandle
2012; Mandle and Ticktin 2012).
Because people prefer to harvest in areas with recent
fire, and because grazing on palms increases after fire, the
sustainability of harvest of this species cannot be assessed
without understanding the role of fire (Figure 3a).
Increased grazing after fire has also been documented
in many grassland and savanna ecosystems (Fuhlendorf
et al. 2009). The impacts of fire and the fire-grazing
interaction on the potential for sustainable harvest
should be considered for any NTFP species occurring in
areas with frequent fire.
Results from multiple sources show that mountain
date palm is a resource shared by people and wildlife. In
the case of the mountain date palm, this includes several
species of conservation concern (IUCN 2011) including
the Asian elephant (Elephas maximus, endangered), as
well sambar deer (Rusa unicolor, vulnerable), gaur (Bos
gaurus, vulnerable), and sloth bear (Melursus ursinus,
vulnerable). Based on our interviews with harvesters as
well as published literature, elephants eat the fruit and
uproot whole plants (Sukumar 1990). Harvesters report
that palm leaves may also be grazed by wild ungulates,
as well as cattle, though the palm is not a preferred food
source. Interviews with harvesters revealed a number of
additional palm-animal interactions: porcupines dig up
and consume underground parts, birds and bear eat—
and disperse—fruit, and seeds are consumed by rodents.
Though the pollination system of mountain date palm is
not known, its flowers are visited by insects, especially
beetles (Barrow 1998).
The plant-animal interactions between a harvested
plant species and its herbivores, pollinators, and dis-
persers must be kept in mind when considering sustain-
ability of harvest (Figure 3b). Harvesting levels that can
be sustained over time from a human-plant perspective
could have impacts on wildlife if that plant is a shared
resource. For example, in the case of the mountain date
palm, leaf harvest reduces rates of flowering and therefore
reduces fruit production (Mandle 2012). Because the palm
reproduces primarily by vegetative reproduction, this may
have a small effect on mountain date palm populations
but could have negative consequences for animals that rely
on palm fruit for food. In addition, harvest levels that have
negligible effects in one context may be unsustainable
under a different set of conditions. For example, the same
level of leaf harvest might have a negative effect on
fruigvore populations when alternative food sources are
rare but not when they are plentiful. In the case ofmountain date palm, our demographic models show
that lower intensities of harvest are likely to be sustain-
able at the level of palm populations when harvest co-
occurs with ungulate herbivory as compared to without
(Mandle 2012).
Harvest in a multi-use landscape
Our interviews and observations reveal that mountain
date palm leaf harvest is carried out in areas that are
managed by local communities for multiple purposes.
Palm leaf harvest frequently occurs along with the har-
vest of other NTFPs, fuel wood collection, and livestock
grazing. The land management context in which NTFP
harvest occurs has the potential to impact palm popula-
tions indirectly by altering light availability, soil proper-
ties, and competitive relationships (Figure 3c, d). The
impacts of these factors have been assessed in relatively
few instances (e.g., Endress et al. 2004; Ticktin and
Nantel 2004). In the case of mountain date palm, we
found that more open canopies are associated with
higher levels of flowering and fruiting (Mandle and
Ticktin 2012). This matches trends found for other
understory species (Cunningham 1997; Anten et al.
2003; Ticktin and Nantel 2004), suggesting that the po-
tential for sustainable harvest may be greater in areas
with more understory light availability. In addition,
activities that create more open canopies—such as fuel
wood collection and fire—might increase the potential
for sustainable harvest of understory species but have
negative effects on other species (Shankar et al. 1998;
Davidar et al. 2010). Understanding the impacts of an-
thropogenic activities that co-occur with NTFP harvest
is critical to sustainable management of harvested spe-
cies and the ecosystems in which they occur.
Conclusions
Like many economically important NTFPs, mountain
date palm is a widespread and common species. Palm
leaf harvest generally has a high potential for sustainabil-
ity from a population-level perspective (Zuidema et al.
2007; Schmidt et al. 2011). While these characteristics
would suggest that leaf harvest is unlikely to threaten
the species, its prevalence and the extent of harvest
means that it is probable that harvest both impacts and
is impacted by larger community- and ecosystem-level
processes. Common species have rarely been a priority
for conservation efforts (Gaston and Fuller 2008; Gaston
2010). Similarly, harvest of many NTFPs is presumed to
be sustainable on the basis of their abundance, without
any ecological assessment. In the case of mountain date
palm and other common, harvested species, there is a
need to establish monitoring before they decline, for the
sake of maintaining both their larger ecological role and
their economic value to harvesters.
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at multiple scales, the importance of two aspects of palm
leaf harvest to assessing the sustainability becomes clear:
(1) palm harvest occurs in a landscape that is managed
for multiple purposes in addition to leaf harvest, and (2)
mountain date palm is involved in other plant-animal
interactions that have the potential to both influence
and be influenced by leaf harvest. These factors are
likely applicable to many other NTFP species harvested
from human-managed landscapes and must be considered
when assessing the sustainability of NTFP harvest and
developing management plans.
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